Abstract Purpose The neck disability index (NDI) as a 10-item patient reported outcome (PRO) measure is the most commonly used whiplash associated disorders (WAD) assessment tool. However, statistical rigor and factor structure are not definitive. To date, confirmatory factor analysis (CFA) has not examined whether the factor structure generalizes across different groups (e.g., WAD versus non-WAD). This study aimed to determine the psychometric properties of the NDI in these population groups. Methods This study used CFA to analyze NDI baselinedata for WAD (n = 804; 69 % females) and non-WAD (n = 963; 67 % females), each for the full sample and separate genders. Invariance analyses examined the NDI structure across the four groups. Results Across both populations and gender subgroups the one-factor solutions consistently showed better model fit over two-factor solutions. The NDI was best characterized as one-dimensional and invariant across multiple sub-groups. Conclusion The NDI remains a valid PRO in WAD populations that provides acceptable measurement of neck status that is appropriate for basic functional assessment across genders. However, it is recommended that both clinicians and researchers initiate the transition toward more rigorous and less ambiguous PRO measurement tools for WAD patients and research. This future graduated movement toward other PROs should consider both regional PROs and computerized decision support systems, initially measured concurrently with the NDI to establish ways to convert existing scored data prior to their singular use.
Introduction
Neck problems that arise from whiplash are due to an acceleration-deceleration force transferring its energy to the cervical spine. The symptoms that develop are subsequently referred to as 'whiplash associated disorder' (WAD) [1] . These symptoms have considerable consequences for individuals, insurer groups and public health [2] . The associated functional status and change due to WAD can be quantified through the use of patient-reported outcome (PRO) measures [3] where the ten-item neck disability index (NDI) [4] is the most commonly used PRO. Furthermore, the risk of delayed recovery can also be determined and this can be achieved through the use of biopsycho-social screening instruments [5] and the presence of impaired self-reported pre-injury health [6] . This risk of delayed recovery can lead to a chronic symptom profile that resembles a disorder that is functional somatic rather than being organic pain [7] , The quantification of the impact of conditions such as WAD on the individual's functional status is an area in urgent need of further research [8] . The original WAD classification system by the Quebec Task Force was based upon the presenting signs and symptoms. However, the usefulness of this system has been questioned as the majority of sufferers with ongoing symptoms fell into one category. This led to recommendations for a modification of the system with proposals for further sub-classifications. This has resulted in a modified system with changes and re-classification that evolve the original system to one that has greater conformity with the bio-psycho-social model and accounts for measurable disturbances in motor, sensory and psychological dysfunction [9] .
Despite these changes there has been little or no change in the PROs used to measure WAD in both the clinical and research setting [10] or the effectiveness of the process of measurement and clinical practice guidelines implementation on patient outcomes and costs of care [11] . Several PROs have been developed and trialed including: the whiplash disability questionnaire (WDQ) [12, 13] , the whiplash specific activity and participation list (WAL) [14] , the functional rating index (FRI) [15] and the spine functional index [16] . However, these tools either lack the practicality of the NDI, as they are more than one-page in length and require more than 2-3 min to complete, are lacking in rigorous review of their psychometric properties [5, 17, 18] , or have yet to make an impact since publication, so their adoption by clinicians and researchers is limited at this stage. Another area of consideration, progress and research that reflects the digital age and twentyfirst century has been the use computerized adaptive testing (CAT) and computerized decision support systems (CDSS) [19, 20] . However, despite the different available PROs and options, the 10-item NDI has remained the tool of choice for researchers investigating neck-related conditions.
It must be noted, however, that several publications have questioned the NDI's suitability as a stand-alone measure [10, 21, 22] due to conflicting constructs [4, 23, 24] and a two-factor structure [25, 26] . A PRO must exhibit a onedimensional factor structure if a single-summated score is to be used [3] . These studies have employed exploratory factor analysis (EFA), a statistical method that provides an initial or 'exploratory' indication as to whether the questions within a PRO are representative of one or multiple factors or constructs. This EFA process requires a smaller sample and indicates the direction for a more thorough confirmatory factor analysis (CFA)-a statistical process that uses assumptions, modeling and estimations to determine whether the structure of the questionnaire is multifaceted or if it is a single unitary structure [27] . More recent research on the NDI using Rasch analysis [28] [29] [30] a statistical technique which uses different process to CFA to indicate whether there is equal informativeness between items to create a single ''true'' score, has questioned the NDI's ten items and their ability to represent even-scaled intervals and to produce a single ''true'' score. In these outpatient three studies all author groups suggested the NDI should be shortened by removal of specific questions. The initial Rasch analysis study by van der Velde et al. [25] found an eight-item PRO gave an optimal even-scaled score in a pooled two-cohort North American non-specific neck pain population, whereas Johansen et al. [30] found a seven-item PRO in a single population of neck pain patients treated at a Norwegian University hospital clinic, and most recently Walton et al. [28] found a five-item PRO was optimal in a pooled four-cohort community based North American population of mechanical specific and non-specific neck pain.
By contrast, no study to date has considered the NDI factor structure in a whiplash specific population using CFA. There are only two studies [23, 26] that have analyzed the NDI factor structure using this preferred standard of CFA. Both studies concluded that a one-factor structure was acceptable. However, the Hains [23] study had methodological inconsistencies that appeared inconsistent with CFA, whereas the Gabel [26] study detailed its methodology and used a more rigorous approach. This latter study also found that a two-factor model did approach significance, particularly for males, where question items separated into constructs of mental and physical function, which reflected the concerns of previous researchers [21, 24] . Recommendations were made that further CFA research is needed that analyzes the NDI Eur Spine J (2016) 25:2078-2086 2079 factor structure in large samples and different population groups, including those with WAD. In summary, the NDI is the assessment instrument of choice for clinicians investigating neck problems after an acceleration-deceleration injury of the neck (WAD). Currently, the NDI is presenting results as a single score. An instrument that uses a single score must have only one underlying dimension (e.g., physical symptoms or mental symptoms); otherwise, it has to be considered as invalid. In the current literature there is conflicting evidence on whether the NDI has one or two dimensions-so called one-or two-dimensional factor structure.
The hypothesis of this study was that: analysis of the NDI factor structure using CFA in an adequately large sample of WAD and non-WAD patients, would reveal a single factor structure, and that this structure would be consistent across test two competing models of single versus dual-factor structure across both male and femaleonly subgroups.
Methods Participants
To ensure the sample population was both diverse and sufficiently large, seven separate research groups were approached through their primary researcher. Each group had institutional ethical approval and some data was extracted from published studies [5, 16, 24, [31] [32] [33] [34] [35] . This enabled a secondary analysis of the de-identified-data as pooled samples which were then combined in a consistent format to provide a preliminary homogenous sample of symptomatic neck patients (total n = 1817, WAD n = 804, Non-WAD n = 1013) with 62 cases removed due to missing responses or missing fields to leave the final sample (n = 1755, WAD n = 792, age 37.2 ± 12.9 years, 68.7 % females; and Non-WAD n = 963, age 43.0 ± 14.8 years, 67.3 % females (Table 1) .
Assessment tools
The NDI is a ten-item ordinal-scaled questionnaire with six responses per question scored with increasing severity from zero (no disability) to five (most severe disability) [4, 36] . The scores are added to provide a total maximum of 50 points then multiplied by two for a percentage scale. Severity levels are indicated by cut-off point scores with B8 NDI-points (16 %) for no disability/recovered or mild disability, [8-28 NDI-points for moderate disability and [28 NDI-points (56 %) for severe disability [4, 34, 37] .
One-factor versus two-factor solutions
Analyses were conducted to determine if a one-factor or two-factor model fit the data better within different groups All studies were prospective and conducted within a physiotherapy outpatients setting with participants referred consecutively by a medical practitioner from a convenience sample a Original groups that had publications that included data pertaining to this study [5, 15, 23, 29-33]) of participants (WAD males, WAD females, non-WAD males, non-WAD females). The alternative two-factor model, previously proposed and validated in a pooled nonspecific neck pain sample, placed the ten NDI items into two factors: six items within a physical-symptoms factor (personal care, lifting, work, driving, sleep and recreation) and four items within a mental-symptoms factor (pain, headache, concentration and reading) [26] . For each of these eight models, modification indices (Wald indices) were analyzed to determine whether error terms could be allowed to covary in order to improve model fit. Generally, a parameter with a Wald exceeding 4.0 is considered legitimate to examine for estimation, but only if the two items both relate to the same latent variable. Thus, in the two-factor model errors loading on different factors were not correlated regardless of the Wald statistic. Error terms that were allowed to correlate were identical in models for both groups (i.e., if error term between items #1 and 2 were correlated in one group, they were correlated in all models for all groups).
The pooled data were analyzed through CFA using SPSS' AMOS software using maximum likelihood extraction (MLE) with a sampling of several common fit indices to evaluate the model's appropriateness. These indices were the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and the likelihood ratio test (LRT) statistic (reported as CMIN but interpreted as Chi-square). For the RMSEA, values equal to or less than 0.08 reflect a reasonable fit, whereas values equal to or less than 0.05 indicate an excellent fit. For the CFI, values vary along a continuum of 0-1 in which values equal to or greater than 0.90 are considered satisfactory, and 0.95 or higher reflect an excellent fit [38] .
Multi-group analyses
These were conducted in order to determine whether the one-factor model fits the data equally well for: (a) whiplash and non-whiplash participants and (b) male and female participants. Additionally analyses compared the fit of this model between gender groups within whiplash participants only and non-whiplash participants only. For each multigroup analysis, the CFA model first was run with no between-group constraints (i.e., the unconstrained model). This initial model was then compared with a series of models that contained increasingly strict invariance constraints: the second model constrained factor loadings to be equal across groups, the third constrained measurement intercepts, the fourth constrained measurement residuals, and the fifth constrained factor variance. Error terms were not allowed to correlate in these invariance analyses for the sake of simplicity.
Invariance between the groups on a particular parameter is supported when there is no statistical or meaningful difference between a model without a parameter constrained to be equal across groups and the model with that parameter constrained. In this case, the more parsimonious (more constrained) model is retained and compared to the subsequent model with an additional constraint to assess equivalence across groups on this newly constrained parameter.
Assessing competing models
There are multiple indicators of whether models are equivalent. The most common is a Chi-square-based LRT comparing the overall goodness of fit Chi-square values between the two models. However, because Chi-square is known to be highly (perhaps inappropriately) sensitive to unimportant differences in large samples [39] , other indicators were also examined to determine invariance [38] . Other indicators in this analysis included DCFI, which was calculated by subtracting the comparative fit index (CFI) of models being compared (a DCFI [ 0.01 can indicate failure of invariance across models; [38 p242, 40] note that Meade et al. [39] recommend considering DCFI [ 0.002 as significant). Finally, the akaike information criterion (AIC) was used to evaluate the parsimony of the two models being compared. A lower AIC demonstrates better model fit to the data [41] .
If there is a significant and substantial difference between two models, the model with fewer constraints is retained, indicating that the parameter in question is not invariant across groups. Results from the multi-group analyses, including goodness of fit statistics for all evaluated models and the standardized regression weights of the final, best fitting models, are reported.
In summary, this study investigated the NDI's factor structure in a whiplash and a non-whiplash population, also considering female and male subgroups. This was in order to determine whether the NDI had a one-dimensional factor structure that was robust to injury status and gender differences, or demonstrated a two-dimensional factor structure when used in certain populations.
Results
Evaluating one-factor and two-factor solutions When the model fit of proposed one-and two-factor models were compared for each subgroup (WAD males, WAD females, non-WAD males, non-WAD females) this confirmed that the one-factor solution was in fact the best fit for the particular demographics. Although both models Eur Spine J (2016) 25:2078-2086 2081 had acceptably good fit within all four subgroups, the onefactor model fit the data significantly better than the twofactor solution (Table 2) .
Comparing WAD and non-WAD participants
Multi-group analysis comparing WAD participants (n = 792) and non-WAD participants (n = 963) indicated a slightly lowered fit once factor loadings were constrained to be equal across groups (Dv 2 Unconstrained vs. Metric (9) = 32.777, p \ 0.001; DCFI = 0.004; Table 3 ). While there were some differences in standardized factor loadings between the two groups (Table 4 ), these differences were not accompanied by a significant change in CFI. Given that the NDI is designed as a basic measure it is unlikely this small invariance effect will be clinically meaningful. This is supported by the CFA results confirming that a onefactor model with all ten items was the best fit for all groups (Table 2) .
Comparing male and female participants
Multi-group analysis comparing males (n = 558) and females (n = 1197) indicated equivalence across item factor loadings (Dv 2 Unconstrained vs. Metric (9) = 13.138, p \ .156; DCFI = 0.00; see Table 3 ), suggesting that the standardized regression weights (Table 4) are statistically similar between male and female participants overall.
Comparing male and female participants within the WAD group
Multi-group analysis comparing males within the WAD participant group (n = 249) and females within the WAD participant group (n = 543) produced a significant LRT but a minimal change in CFI (Dv 2 Unconstrained vs. Metric (9) = 21.025, p \ 0.05; DCFI = 0.003; Table 3 ). Similar to the analysis comparing WAD and non-WAD participants, while the factor loadings (Table 4) are significantly different between males with WAD injuries and females with WAD injuries, the clinical significance appears minimal. And again, this is supported by the good fit of the one-factor model with all ten items for the data for all subgroups. Thus, the metric model with regression weights constrained to be equal across groups was retained based on statistical analysis and author judgment; no further model comparisons were conducted.
Comparing male and female participants within the non-WAD group
Multi-group analysis comparing males (n = 309) and females (n = 654) within the non-WAD participant group indicated equivalence across item factor loadings (Dv 2 Unconstrained vs. Metric (9) = 4.925, p = 0.841; Table 3 ), suggesting that the standardized regression weights (Table 4) are statistically similar between male and female participants with non-WAD injuries. Note For all models modification indices (MI) were examined and the model was optimized to fit that sample to the extent allowed. In the onefactor model all errors were allowed to covary if the MI was greater than 4.00. In the two-factor model, errors were allowed to covary with errors from other items within the same factor, but not across factors a Root mean square error of approximation. Closer to 0.000 is better b Calculated as a Chi-square (v In summary, our findings confirmed for the NDI a onedimensional factor structure in the whiplash and the nonwhiplash population across both gender subgroups.
Discussion Main findings
This study is the first to assess the factor structure of the NDI with CFA in sufficiently large samples of WAD and non-WAD patients to allow comparative analysis for males and females within each group. The findings indicated that, although both one-and two-factor structures provided wellfitting models across subgroups, the one-factor solution showed significantly better model fit than the two-factor solution in all groups and, consequently, is preferable. Importantly, invariance analyses indicated preferred onefactor structure met metric invariance requirements, supporting the use of the scale with all subgroups tested.
Consequently, we conclude that practitioners and researchers may use the NDI as a single construct that produces a single summated score-where all items are added equally (i.e., without weights) to provide the total score [42, 43] . This is in contrast to other PROs such as the WDQ [12] and WAL [14] that seem to be multidimensional in structure [13, 44] , which can violate the assumptions made when creating a single summated score [16, 45, 46] . Furthermore, practicality in the form of length, completion and scoring time must also be considered if the obstacles of user burden, that impede the uptake of PROs, are to be minimized [17, 18] . In this study we were fortunate to have access to an unusually large sample compared to many other studies in this area. This more robust sample, combined with the use of modern confirmatory methods, should give readers more confidence in the generalizability and replicability of the findings.
This study supports the quantification, or score of the patient's functional status on the NDI, representing a single dimension and equally for males and females, as well as WAD and non-WAD populations. This finding would also be independent of the presence of any occult fractures as these have been shown to be present up to 36 % of the time but did not affect the development of persistent pain after whiplash [47] . The score can then be compared to previous measures made at baseline prior to the rehabilitation or earlier in the course of the disability for all types of patients, including those involved in a compensation process. This comparison in scores can determine whether a selected intervention or management process has been effective and assist in re-evaluation of the original primary diagnosis. This patient reported quantification of status would supplement that obtained from other sources such as body pain diagrams for symptom distribution and location using either paper or electronic methods [48] .
This use of the NDI as a ten-item PRO can be made from the findings of the CFA used in this study. This is despite the lack of individual-item consistency which is due to the NDI use of ordinal scaling-where each question's response is ordered or ranked in terms of how strongly the chosen answer applies to the individual patient rather than each response having a mathematically equal value. This inconsistency between the total score and the value that each individual question contributes to this total was shown to be present through other statistical processes, specifically with Rasch analysis [28] [29] [30] . Consequently, researchers might want to consider this if using the NDI for more rigorous and precise analyses. A further consideration is that, though the factor loadings between males and females with and without WAD are both significantly different, the clinical implications are unlikely to be either practically meaningful or clinically significant.
Is a two-factor solution appropriate?
Our results demonstrated that the two-factor model also fits the data but is statistically an inferior solution. However, this structure may serve specific purposes in certain research groups and populations or other applications. This would be consistent with the recommendations of previous authors. This includes Sterling et al. [49] who suggest that ''co-relationships between biological and psychological factors [of neck pain] be disentangled if clinicians are to gain from the outcomes of research and…adequately address all aspects of the patient's condition''. Nieto [50] recommended that coping and catastrophizing were independently related to disability and depression, while Young et al. [24] recommended separation of ''activity limitations and participation restrictions might give a truer picture of disability associated with neck pain for patients with psychological distress''. Furthermore, the Rasch analysis findings clearly delineate into separate constructs [25, 28, 30] .
Limitations and strengths
The study limitations include the lack of assessment of the different subgroups by clinical characteristics, psychological and socio-demographic status. This was a consequence of the restricted variables available from the original contributing researchers which was only from physical therapy outpatient clinics, and consequently, may not reflect the general WAD and non-WAD neck problematic population. The study strengths include the size of the samples being compliant with the minimum requirements for CFA.
Implications for future research
Further larger studies are required that investigate the NDI concurrently with other PRO measures that are summated to a single score. This should include recent developments such as PROs derived from both classic test theory and item response theory [25, 26] , PROs that consider the whole-spine not just the neck alone and PRO derived through computerized adaptive testing [51] and computerized decision support software systems [52] . Such studies should concurrently consider Rasch analysis and CFA along with psychological assessment tools so that underlying influential psychological traits may be targeted [24, 49] .
Conclusion
This study investigated and determined the factor structure of the NDI using CFA in an adequately large sample in both WAD and non-WAD patients and in gender specific subgroups. The findings indicated that the NDI remains a valid PRO in WAD populations and that it provides acceptable measurement of neck status that is appropriate for basic functional assessment across genders. However, in WAD patients the NDI remains an ambiguous PRO that was best characterized as one-dimensional from both the perspectives of statistical analysis and that of parsimony and clinical relevance. It is recommended that both clinicians and researchers initiate a graduated transition towards more rigorous, stable and less ambiguous PROs that measure the neck either alone or preferably with regional PROS that consider the neck as part of the single kinetic chain of the whole-spine. This measurement process could also include computerized adaptive testing (CAT) and computerized decision support systems (CDSS). This could be achieved in the future through a graduated movement toward other PROs in further research. Such a process should be initiated with a concurrent investigation of different PROs and the NDI in different groups in both clinical and research settings to establish ways to convert existing scored data prior to the introduction and standardized use of the suggested regional, CAT and CDSS PROs. Consequently it can be stated that the NDI is a valid assessment instrument in whiplash and non-whiplash populations regardless of their gender. Clinicians may use the NDI as a valid instrument when investigating patients with neck problems.
